_ Negative incentive contrast effects (NCEs) have typically been attributed to frustration or the decremental generalization of learned associations. The purpose of these experiments was to clarify the relation of NCEs to the repertoires of functional search behaviors evoked by incentive downshifts. Rats shifted from 32% to 4% sucrose-solution decreased consummatory responses but increased nose-down locomotion, orientation, location entries, and sampling of alternatives relative to unshifted controls. These changes in behavior were terminated or failed to occur under incentive upshifts. Furthermore, reward downshifts did not produce avoidance of the location of the shifted incentive. Increased search occurred whether or not alternative reward locations were available. Together the evidence suggests that NCEs are related to evoked search modes supporting a repertoire of functional behaviors related to finding food.
_ Negative incentive contrast effects (NCEs) have typically been attributed to frustration or the decremental generalization of learned associations. The purpose of these experiments was to clarify the relation of NCEs to the repertoires of functional search behaviors evoked by incentive downshifts. Rats shifted from 32% to 4% sucrose-solution decreased consummatory responses but increased nose-down locomotion, orientation, location entries, and sampling of alternatives relative to unshifted controls. These changes in behavior were terminated or failed to occur under incentive upshifts. Furthermore, reward downshifts did not produce avoidance of the location of the shifted incentive. Increased search occurred whether or not alternative reward locations were available. Together the evidence suggests that NCEs are related to evoked search modes supporting a repertoire of functional behaviors related to finding food.
Negative contrast effects (NCEs) are abrupt changes in behavior that usually follow a discriminable reduction in the accustomed size or quality of reward. These changes have been of particular interest because they are abrupt, exaggerated, and have been assumed to have an emotional basis. The abruptness of the behavioral changes suggests little dependency on habit formation. The behavioral changes are considered exaggerated because they are larger than would be expected if the animals simply adjusted to the new level of reward (i.e., adopted the behavior of unshifted animals never experiencing the larger reward). For example, compared with unshifted rats always receiving small rewards, rats shifted from large to small rewards show lower intake of foods (Flaherty, 1982) and slower approach speeds in runways (Crespi, 1942) . Changes in behavior also appear to be emotion based in that rats may show escape or withdrawal from the reward location (Daly, 1974a (Daly, , 1974b and avoidance in the form of increased choice errors on a maze (Elliott, 1928) .
The dominant explanation for NCE has focused on emotional constructs such as disappointment or frustration (Amsel, 1951; Crespi, 1942; Spence, 1956; Tinkelpaugh, 1928; see Flaherty, 1982 and 1996 for comprehensive reviews). Many experiments support the frustration explanation of reward-shift effects in runway situations (Amsel, 1992) . Behaviorally, failure to find expected rewards or signals predicting the absence of reward has produced withdrawal from the location associated with the reduced reward (Adelman & Maatsch, 1956; Hearst, Bottjer, & Walker, 1980) and has energized the rate of subsequent instrumental behavior (Amsel, 1962) . Physiologically, cues associated with decreases in reward have been shown to increase circulating corticosterone, a component of the adrenal stress response (Coover, 1983; Flaherty, Becker, & Pohorecky, 1985) , whereas administration of anxiolytic drugs can decrease NCE (Flaherty, 1991) .
However, there are reasons to question the completeness of a frustration account. At a behavioral level, the form of frustration responses is not well specified in advance. The definition of escape responses as leaving the location of the downshifted reward is operationally clear but open to the alternative interpretation that the animal is simply searching elsewhere for food rather than specifically trying to escape aversive cues. At a physiological level, the marked NCEs occurring on the first day are not accompanied by the expected increases in stress as measured by circulating corticosterone (Flaherty et al., 1985) . Furthermore, the administration of anxiolytic drugs on the first postshift day does not reliably reduce the size of the NCE (Flaherty, 1991) . Even the increase in corticosterone observed on the second postshift day may not uniquely support a frustration or stress account. Elevated corticosterone levels are also related to changes in energy metabolism (Miller & Tyrrell, 1995) , especially during fasting (Owen, 1989) .
The second most common explanation for NCE is based on the role of associative generalization decrements, because of changes in the sensory-perceptual-motivational cues related to reward (Capaldi, 1972; Spear & Spitzner, 1966) . This account is also incomplete, suffering from the same problems of response specification and alternative interpretations noted above for the frustration account. In addition, the generalization decrement account predicts NCE should occur from any modification of the stimulus conditions, including upshifts in the amount of food or the introduction of a novel tone after the shift. Neither of these predictions is supported (Lombardi & Flaherty, 1978) .
The purpose of the present experiments was to examine more carefully the functional search hypothesis of NCE first advanced by Elliott (1928) . He argued that the increase in erroneous entries into unrewarded arms of a maze, following downshifts in reward, was due to the rat's search for the previously experienced reward. In a related vein, Flaherty (1996) recently proposed a multistage, "search-thenemotion" hypothesis to account for data showing an increase in locomotion and open rearing in an arena, following a downshift in sucrose concentration (Flaherty, Blitzer, & Collier, 1978; Flaherty, Powell, & Hamilton, 1979) .
The basic search hypothesis can be amplified by clarifying the basis of search and the form it takes. In a behavior systems's view, the results of laboratory manipulations using food rewards are based on the foraging mechanisms and strategies characteristic of the species under investigation (Silva & Timberlake, 1997; Timberlake & Lucas, 1989) . In this view, a marked reduction in available food disrupts an animal's current or anticipated energy flow and moves the animal from a consummatory motivational mode that supports handling or ingestive behaviors to focal and general search modes that under more natural circumstances would facilitate regaining the missing reward, thus decreasing intake and increasing search.
Each search mode primes a repertoire of specific stimulus sensitivities and search responses potentially effective in dealing with natural foraging problems and may be conditioned to various cues (e.g., Silva & Timberlake, 1997; Silva, Timberlake, & Gont, 1998) . General search modes should potentiate locomotor search and general orienting responses aimed at locating alternative sources of food, whereas focal search modes should increase local search for and sampling of alternative food sources, resembling arearestricted search discussed in ethological literature (e.g., Bell, 1991) . The search hypothesis by itself predicts no increase in search behaviors with upshifts, and no particular avoidance of or escape from downshifted rewards. If anything, focal search modes should be conditioned most strongly to areas predicting food, thus generating more specific investigation of these areas.
The three experiments reported here sought to evaluate experimental evidence for the functional hypothesis that downshifts in the attractiveness of sucrose solutions should evoke search modes and activate repertoires of search behavior. The apparatus was a four-arm radial maze with a sucrose solution at the end of one or more arms. The first experiment compared functional and frustrative hypotheses, concerning the level and comprehensiveness of search behaviors, the aversiveness of the downshifted arm, and the role of presumed frustration during training in increasing persistence. The second experiment compared the effects of reward downshifts and-upshifts on the evocation of search repertoires. Finally, the third experiment questioned whether the repertoire of search responses produced by incentive downshifts depended on the availability of multiple alternative solutions introduced during the shift.
Experiment 1
The purpose of Experiment 1 was to examine the relation of functional search behaviors and NCEs by observing the behavior of rats shifted from a 32% to a 4% sucrose solution with that of a control group always receiving 4% sucrose. During training, all platforms contained beakers, but the incentive solution was put in only one beaker at the same, fixed location in a four-arm radial maze. Following the downshift, a 4% solution was placed in all four arms. The shifted group finding the preshift solution in the same fixed location was referred to as 32 FL-4, whereas the control group was referred to as 4 FL-4. We also included a variable-location shifted group that originally found their 32% preshift solution randomly in one of the four arms each trial (Group 32 VL-4). Beginning with the shift day, this group also was presented with a 4% solution at the end of each arm.
This experiment was inspired by the discrepant results of Flaherty et al. (1978) and , who tested the effects of shifting rats from 32% to 4% sucrose in an open field on the shift day that contained 4% bottles at four separate locations. In both experiments, ambulation and rearing increased in the shifted rats as compared with unshifted rats, whereas increased sampling from the four bottles occurred only in the second experiment. If one uses the rats' systematic sampling behavior to distinguish emotional energization from search hypotheses, the first experiment supported the frustration hypothesis, whereas the second experiment supported the search hypothesis.
Although suggested that the rats may have learned the devaluation with minimal increases in sampling, this would not explain the apparent failure of many shifted rats to sample several of the novel tubes in the first experiment. On the other hand, the rats' rapid assessment of the solution concentration combined with the experimental procedure of coding behavior only once every 10 s could account for the differences in results. To avoid missing sampling bouts shorter than 10 s, we coded behaviors in 1-s bins. To avoid confusing sampling with ingestion, we counted only the first bout of beaker sampling following each platform entry.
Our design allowed us to test a number of hypotheses. First, if the downshift from 32% to 4% sucrose evokes a repertoire of general and focal search behaviors related to gathering food, then the result should be increased orienting, nose-down locomotion, entries to all locations, and systematic sampling of novel solutions for all shifted groups. The fixed training group may show a place preference for the training platform in the form of area-restricted search, because in the past that platform best predicted consumption of 32% sucrose, whereas the variable-location group should form no place preferences.
In contrast, if the incentive downshift produces general frustration, all shifted groups should show emotional behaviors, including withdrawal from any area of reduced reward, energization of ongoing behaviors, unsystematic sampling of locations and solutions, and possibly, displacement grooming. Also, because the variable-location group should have experienced the frustration of not finding reward in the first arm chosen on most training days, frustration should become conditioned to eventually finding sucrose. Therefore, Group 32 VL-4 should show relatively enhanced instrumental search, following a downshift than Group 32 FL-4.
Method Subjects
Subjects were thirty naive, 90-day-old female Sprague-Dawley rats (Rattus norvegicus) bred in the department colony. Animals were housed separately, water was available ad libitum, and the colony lighting schedule was a 12-hr light-dark cycle, lights on and off at 0600 and 1800, respectively. The experiments were run approximately between 1200 and 1600. Animals were maintained at 85% free-feeding weight by once daily feedings of rat chow in the colony given 4-5 hr following the ingestion of sucrose in the experimental situation. Animals that drank no more than 4 ml per day of a sucrose solution within the first 10 days of the preshift phase were eliminated from the experiment.
Apparatus and Materials
The rats were fed sucrose solutions on an elevated plus maze (1.67 m in circumference, having a 32.5-cm center platform circumference, 30.5-X 23-cm end platforms, 11.5-cm width arms, and 66-cm off ground) located in a 2.13-m 2 experimental room. A Panasonic BL200 video camera was located 1.5 m above the maze. The room was dimly lighted by an incandescent lamp. The solutions, mixed by weight from cane sugar and tap water every several days, were presented to the animals in opaque plastic beakers.
Procedure
The experiment was divided into a preshift phase and a postshift phase. During the preshift phase, which lasted for 14 days, two groups of rats were fed a 32% sucrose solution that was located in a beaker (a 4.7-cm X 2.8-cm diameter, 40-cc polyethylene cup) at the end of one of the arms of the maze. One of these groups received the sucrose solution in the same fixed location each day and is designated 32 EL-4. The other group received the sucrose solution in a single location that was varied each day and is designated 32 VL-4. During the postshift phase, which lasted for 4 days, these two groups were shifted to a 4% sucrose solution that was available on all four platforms of the maze. The control group, 4 FL-4, received a 4% sucrose solution in a fixed location during training and then received the same 4% solution in all arms during the postshift. Groups were matched by weight and then randomly assigned to condition.
The rats were transported from the colony in small carrying cases 4 at a time. They were placed 1 at a tune in a holding pen on the center of the maze for several seconds, and then they were released and allowed to move freely for 5 min, while the experimenter monitored them on video from another room. A beaker of sucrose solution, either a 4% or 32% sucrose solution, was available in one of the arms. All rats were given more of a solution than they could consume in the 5-min period. All other arms contained empty beakers during the preshift phase. All beakers were visible from the maze surface. Following a shift, all four beakers contained solutions except for one group in Experiment 3. The maze was cleaned between animals with concentrated Roccal-D (Winthrop Veterinary, New York, NY), a detergent, virucide, and deodorant (diluted 400:1).
Dependent Measures and Coding
Three main dependent measures were monitored: The daily intake of sucrose solutions, five types of behavior, and nine spatial locations. Both the behaviors and locations of the rats were coded separately. Coders watched real-time videos and continuously depressed the key on the computer keyboard symbolic of the behavior or location currently being observed. A computer program recorded the keystroke currently depressed at the edge of each 1-s bin. Additional continuous depression of the key within the 1-s bin had no recorded effect. Thus, the computer was, in effect, sampling the behavior of the coder. Videotapes of several key sessions, namely, the 2 days prior to a shift in reward and the 2 days following a shift in reward were coded. Fifteen percent of tapes from each type of coding session (e.g., behaviors or locations) and each type of day (e.g., preshift, postshift, etc.) were randomly selected to be receded by an independent observer, unaware of the situation. Reliability was calculated by dividing the number of agreements per 1-s bin by the number of total 1-s bins in a session. Reliability was 97% for locations and 85% for behaviors. All behaviors and locations were coded categorically. Descriptions of the coding schemes are given below.
Locations. The maze was divided into nine zones: the center platform, the four arms, and the four feeding platforms, including the target platform (TP), where the high-quality sucrose was located, (hi Experiment 1 in which sucrose locations were variable for one group, the target platform refers to the location where sucrose was last found by the rats.) Nontarget platforms were designated in terms of their clockwise (CW) relation to the target platform (i.e., CW1, CW2, and CW3). Zone entries were scored when an animal extended approximately half of a body length into a zone.
Beaker orientation. This category primarily included drinking from or being oriented to a beaker, and included the occasional pauses in protracted drinking bouts as well. The animal's nose had to be in the beaker, just above it, or investigating the exterior of the beaker. There were beakers in all arms throughout the experiment. (Because the time spent in beaker orientation was the approximate inverse of time spent in nose-down locomotion in every experiment, only results for nose-down locomotion are reported, and engagement in beaker orientation is implied. In all of the experiments to be reported, nose-down locomotion and beaker orientation together accounted for at least 80% of all behavioral time •allocation.)
Nose-down locomotion. The key characteristic of nose-down locomotion was that the rat's nose actively explored the surface or edges of the maze without breaking the horizontal plane or being in a beaker containing solution. Generally, this behavior included continuous ambulation with occasional pauses while sniffing continued. Locomotion without sniffing was very rare and was included as a case of nose-down locomotion.
Nose-up posture. The nose-up posture was scored when the animal's nose rose, without the animal rearing, above an imaginary horizontal plane parallel to the plane of the maze surface and centered on the apex of the rat's nose in the sagittal view. During nose-up behavior, the rat tended to cease ambulation, and it stretched and sniffed the air. This behavior often preceded open rearing.
Open rearing. Open rearing included all episodes of behavior when the rat's forepaws left the maze floor and the animal supported itself on its hind legs only, the animal apparently sampling the air and room cues, as indicated by sniffing and turning of the head.
Beaker sampling. Beaker sampling was designated as the first episode of beaker orientation following an entry to a feeding platform. Thus, any single entry to a platform could allow multiple bouts of beaker orientation, but only the first was counted as a case of sampling. Recording a second bout of sampling on that same platform required that the animal leave the platform and then return to it for another bout of beaker orientation.
Grooming. Grooming included episodes of scratching with fore-or hind-legs, washing the face, or licking the paws. Because grooming behavior did not vary systematically as a function of group or day of shift, and accounted for minimal total behavioral time, it was excluded from this report.
Statistics. All analyses were performed on 2-day averages of raw data, except in the case of beaker sampling, which was coded on the last day of the preshift and the first day of each postshift. Analyses of variance (ANOVAs) were used to determine the statistical significance of dependent measures. One animal from 32 FL-4 was excluded for failure to meet predetermined preshiftintake criteria.
Results

Intake
To demonstrate the basic phenomenon of consummatory contrast, intake data were combined into 2-day blocks and compared for each group across preshift and postshift days. Figure 1A shows mean sucrose consumption averaged over 2-day blocks for all groups across each day type. A one-way ANOVA comparing preshift intake showed no differences in intake between groups, F(2, 26) = 1.02, p > .05, whereas a one-way ANOVA comparing postshift consumption be- tween groups was significant, F(2, 26) = 48.59, p < .001. Planned comparisons showed that both 32 FL-4 and 32 VL-4 drank less of the postshift solution than the control group, F(l, 26) = 60.04,;? < .001, andF(l, 26) = 82.71,p < .001, thus demonstrating a robust negative consummatory contrast effect.
Nose-Down Locomotion
To test the hypothesis that appetitive behaviors would increase when shifted animals suppressed their intake, groups were compared with respect to time engaged in nose-down locomotion. Figure IB shows 2-day averages of time allocated to nose-down locomotion as a function of shift day for each group. A one-way ANOVA comparing preshift levels of nose-down locomotion between groups was significant, F(2, 26) = 8.44, p < .002. Planned comparisons showed no differences in locomotion between 32 FL-4 and 4 FL-4, F(l, 26) = 1.71, p > .05, whereas 32 VL-4 expressed more nose-down locomotion than 32 FL-4, F(l, 26) = 16.01, p < .001, and 4 FL-4, F(l, 26) = 7.63, p < .02. This additional locomotion by 32 VL-4 was expected because the sucrose solution was randomly located on the maze.
In contrast to this procedure-generated preshift difference in locomotion, the downshift produced large differences between groups that were not necessitated by training. A one-way ANOVA comparing nose-down locomotion between groups was significant, F(2, 26) = 54.94, p < .001. Planned comparisons showed that both 32 FL-4 and 32 VL-4 engaged in far more nose-down locomotion than the unshifted group, F(l, 26) = 54.94, p < .001, and F(l, 26) = 52.59, p < .001, respectively. As expected, in contrast to the consummatory response suppression resulting from the downshift, appetitive behaviors were enormously facilitated in shifted groups. A planned comparison showed that this facilitation was slightly greater in the shifted group trained in various locations than in the shifted group trained in a fixed location, F(l, 26) = 6.86, p < .02, a prediction extrapolated from frustration theory.
Location Changes
To show that animals were in fact traversing the maze during their increase in ambulation, comparisons were made of the number of actual locations changes for each group. Figure 1C shows 2-day averages of the number of locations changes made by each group as a function of shift day. Although a one-way ANOVA showed differences in location changes between groups during training, F(2, 26) = 3.88, p < .05, which again is probably a necessary result of the different training procedures, planned comparisons showed no differences in the number of location changes between 32 FL-4 and 4 FL-4, F(l, 26) < 1.0, whereas 32 VL-4 made somewhat more location changes than both 32 FL-4, F(l, 26) = 5.97, p < .05, and 4 FL-4, F(l, 26) = 5.54, p < .05.
More importantly, a one-way ANOVA comparing the number of location changes during the downshift was also significant, F(2, 26) = 48.32, p < .001. Planned comparisons showed that both 32 FL-4 and 32 VL-4 made many more location changes following the downshift than did the control group, F(l, 26) = 80.84, p < .001, and F(l, 26) = 61.60, p < .001, without showing differences between themselves, F(l, 26) = 1.82, p > .05. Thus, shifted animals were, in fact, traversing the maze much more than unshifted animals during the downshift. Sampling data presented later will reveal that these traversals were systematic.
Orienting Responses
Because it is possible that increases in location changes and locomotion might represent increases in general drive alone because of frustration, we also tested differences in orienting behaviors between groups, because such behaviors are likely to be functionally related to search. Figure ID shows 2-day averages of changes in the number of bouts of open rearing and nose-up postures for each group on preand postshift days. A one-way ANOVA showed no differences in orienting behaviors between groups prior to the shift, F(2, 26) < 1.0, whereas significant differences existed between groups following the shift, F(2, 26) = 14.66, p < .001. Planned comparisons revealed no differences between the shifted groups, F(l, 26) = 1.62, p > .05, whereas both 32 FL-4 and 32 VL-4 expressed more bouts of orienting than the control group, F(l, 26) = 14.47, p < .001, and F(l, 26) = 27.21, p < .001, respectively.
Beaker Sampling
To test whether the apparent search behavior was directed specifically toward food goals, groups were compared for levels of sampling behaviors toward both new and old food locations both before and after the shift. Figure 2 shows changes in the sampling behavior of each group as a function of shift day. The left panel shows total mean sampling on all platforms during the last day preshift, whereas the right panel shows sampling on each platform on the first day of the downshift. A one-way ANOVA showed no differences in sampling bouts between groups during the preshift, F(2, 26) < 1.0. In contrast, a one-way ANOVA of sampling during the downshift showed significant differences between groups, F(2, 26) = 39.70, p < .001. Planned comparisons showed that both 32 FL-4 and 32 VL-4 showed greater sampling than the control group, F(l, 26) = 78.35,p < .001, and F(l, 26) = 28.21; p < .001, respectively. Consistent with and contrary to the findings of Flaherty et al. (1978) , sampling of novel beakers increased following the shift. In addition, a planned comparison also showed greater postshift sampling in Group 32 FL-4 than in Group 32 VL-4, F(l, 26) = 12.54, p < .002, indicating that variable location training had no facilitatory effect on this instrumental behavior.
Finally, in order to test the frustration hypothesis that the target platform should become relatively aversive following the shift versus the search hypothesis that the platform should be relatively preferred, the distributions of each group's sampling on various platforms were compared. A 3X4 (Group X Platform) ANOVA was performed for the first day of the downshift, revealing main effects of group, F(2,26) = 39.70, ;> < .001, and platform, F(3, 78) = 10.22, p < .001, and a Group X Platform interaction, F(6, 78) = 6.67, p < .001. Planned comparisons showed greater sampling by 32 FL-4 than by 32 VL-4, F(l, 26) = 12.54, p < .002, and greater sampling by 32 VL-4 than by 4 FL-4, F(l, 26) = 28.21,p < .001. No differences in sampling were found between 32 FL-4 and 32 VL-4 on nontarget platforms, F(l, 26) < 1.0, whereas 32 FL-4 showed far more sampling bouts than 32 VL-4 on the target platform, F(l, 26) = 29.05, p < .001, a finding that (a) suggests the formation of a place preference as a result of fixed location training, and (b) runs counter to the prediction of the frustration hypothesis that the persistence of search should be conditioned to frustrative cues.
Discussion
A repertoire of search behaviors robustly accompanied the negative consummatory contrast in shifted groups relative to the controls. Relative to unshifted controls, both shifted groups showed dramatic increases in nose-down locomotion, general orienting responses, entries to locations on the maze, and sampling of novel beakers. Seconds of nose-down locomotion and beaker : orientation were inversely related and accounted for over 80% of behavioral time in all phases of the experiment. The unshifted group that received a 4% solution all along, on the other hand, showed no NCEs and no significant reallocations of behavior.
Our finding that shifted rats sampled from novel solutions was robust. Shifted animals had a much greater propensity to enter other solution-containing platforms and sample the beakers following the shift than did unshifted animals. The main difference between this study and that of Flaherty et al. (1978) seems to be the frequency with which investigators coded behaviors. Flaherty et al. (1978) coded behaviors once per 10 s, whereas rats hi this study were coded once per second. Our sampling criterion, only the first instance of beaker orientation (drinking or sniffing) following an entry to a platform, would appear to be a conservative estimate of total sampling, and thus, a true and robust consequence of the incentive downshift.
Several points of comparison between the two shifted groups are also worth mentioning with respect to frustration theory. Although Group 32 VL-4 did show slightly more nose-down locomotion than did the Group 32 FL-4 following the shift, they showed the same results prior to the shift as well. Further, there were no differences between these groups in the number of total location changes, or in number of general orienting responses. Also, the group trained in a fixed location was actually more persistent in terms of overall sampling than was the group trained in varied locations. The majority of this additional sampling consisted of additional entries to the fixed location in which they were trained, apparently because of the place preference engendered by fixed-location training. Entries to the other platforms were equivalent. The failure to find enhanced locomotion and sampling as a result of training in variable locations argues against the importance of conditioned frustration for the variable group, whose frustration presumably should have been conditioned to environmental or proprioceptive cues predicting reward.
Finally, the place preference shown by 32 FL-4 for the platform formerly containing 32% sucrose argues strongly against the hypothesis that the locus of reduced reward becomes relatively aversive following the downshift. It rather seems that the animals superimposed their training habits on their subsequent search behavior, not an unreasonable average choice in a natural foraging situation. In a related finding, Melcer and Timberlake (1985) showed that water-deprived rats continued visiting a preferred arm no longer containing water on 25% of their visits. Moreover, even when an arm containing saccharin solutions was made explicitly aversive by pairing that arm with a lithium chloride injection, the rats continued to visit that arm on subsequent days (Melcer & Timberlake, 1985) . Thus, the overall impression formed from the current data is that the predominant effect of an incentive downshift was functional and systematic search behavior rather than increased emotional behavior, random energization, or a specific associatively based avoidance of the downshifted location.
Experiment 2
The primary purpose of Experiment 2 was to determine whether the behavioral changes observed in Experiment 1 were part of a specific foraging repertoire evoked by a reduction in the accustomed incentive quality or part of a repertoire of exploratory or emotional responses simply evoked by any incentive change. To test this, we compared a group of animals receiving 4% sucrose with a group that was shifted from 4% to 32% and with a group that continued to receive 32% sucrose. If we are correct that NCE occur in the context of an evoked functional search mode, then we would expect an incentive upshift to produce neither contrast effects or increases in locomotor and sampling behaviors. Such a finding in the present apparatus would also provide additional evidence that NCEs do not result from the operation of a symmetrical excitatory generalization gradient.
Method Subjects, Apparatus, Materials, Dependent Measures, and Coding
The types of subjects, the apparatus, materials, dependent measures, coding methods, and statistical analyses were the same in Experiment 2 as in Experiment 1. The procedure was the same except where noted. One animal was eliminated from Group 32-32-4 for failure to drink.
Procedure
Three groups of 10 animals each received three phases of training. The main experimental group received 4% sucrose for 20 days in Phase 1, was briefly upshifted to a 32% sucrose for 4 days in Phase 2, and was then downshifted to a 4% sucrose solution for 2 days in Phase 3. On the basis of the order of solution presentation, this upshifted group was designated as 4-32-4. The group controlling for negative contrast received 4% sucrose in all three phases, and it was designated as 4-4-4. The group controlling for positive contrast in Phase 2 received 32% sucrose in both Phases 1 and 2, was then downshifted to a 4% solution in Phase 3, and was designated as 32-32-4. Group 32-32-4 also received the most training with sucrose prior to the downshift (20 days more than 4-32-4). Except for sampling data, which consisted of data from the first day of the downshift, all other data reported consisted of 2-day averages: the 2 days prior to the upshift, the first 2 days of the upshift, and the first 2 days of the downshift. One animal from Group 32-32-4 was eliminated for failing to meet intake criteria.
Results
Intake
To test whether positive or negative contrast occurred following upshifts and downshifts, respectively, betweengroup ANOVAs were conducted on 2-day averages of intake data from preshift, upshift, and downshift days. It was expected that neither positive or negative consummatory contrast would occur during the upshift, whereas negative contrast would result from the downshift. Figure 3A shows mean sucrose consumption averaged over 2-day blocks for all groups across each day type. A one-way ANOVA comparing preshift intake levels showed no differences between groups, F(2, 26) = 2.46, p > .05. A one-way ANOVA comparing intake levels during the upshift, however, was significant, F(2, 26) = 4.49, p < .05. Planned comparisons showed that (a) both 32-32-4 and 4-32-4 drank more than the unshifted control group (4-4-4) during the upshift, F(l, 26) = 8.14,p < .01, andF(l, 26) = 4.78, p < .05, respectively, but that the shifted groups did not differ amongst themselves, F(l, 26) < 1.0, indicating no evidence for positive contrast during the upshift. The difference between the shifted and unshifted groups on preshift and upshift days seems to be a case of continuing acquisition for the shifted groups at a time when the control group had reached asymptote. Finally, a one-way ANOVA comparing downshift intake levels was significant, F(2, 26) = 12.35, p < .001. Planned comparisons showed that 4-32-4 showed a trend to drink less than 4-4-4, F(l, 26) = 3.5, p = .07, and 32-32-4 drank significantly less than 4-32-4, F(l, 26) = 9.68, p < .005. The mere trend toward negative contrast by Group 4-32-4 appears to be due to a fast recovery on the second day of the downshift, whereas the group having more protracted experience with the 32% solution showed more persistent negative contrast.
Nose-Down Locomotion
To test our prediction that search behaviors would accompany downshifts but not upshifts, each group's locomotor levels were compared during the preshift, upshift, and downshift. Figure 3B shows 2-day averages of seconds of nose-down locomotion for each group during preshift, upshift, and downshift days. One-way ANOVAs comparing levels of locomotion between groups confirmed our prediction of no differences between groups during the preshift, F(2, 26) = 2.73, p > .05, or during the upshift, F(2, 26) = 1.64, p > .05, whereas following the downshift, significant differences in locomotion between groups existed, F(2, 26) = 12.33, p < .001. Planned comparisons showed that 32-32-4 spent more time engaged in nose-down locomotion than 4-32-4, F(l, 26) = 5.15,p < .05, and 4-32-4 engaged in more locomotion than 4-4-4, F(l, 26) = 7.58, p < .02. As expected, increases in nose-down locomotion occurred for shifted groups during the downshift, but not during the upshift.
Location Changes
To show that shifted groups were, in fact, traversing the maze more than the unshifted group, location changes between groups were compared across day types. Figure 3C shows 2-day averages of location changes across days for each group. One-way ANOVAs showed no differences in location changes between groups during the preshift, F(2, 26) = 2.56, p > .05, and during the upshift, F(2,26) = 1.63, p > .05, whereas during the downshift, significant differences existed between groups, F(2, 26) = 19.44, p < .001. Planned comparisons showed that 32-32-4 traversed the maze more than 4-32-4, F(l, 26) = 10.54, p < .001, and 4-32-4 traversed the maze more than 4-4-4, F(l, 26) = 9.42, p < .005. Thus, significant maze traversals accompanied locomotor increases.
Orienting Responses
Because locomotor responses might represent increases in general drive alone because of frustration, we tested differences in orienting behaviors between groups, insofar as such behaviors may indicate search. Figure 3D shows 2-day averages of changes in the number of bouts of open rearing and nose-up postures for each group on preshift and shift days. One-way ANOVAs showed no differences in orienting responses between groups during the preshift, F(2, 26) < 1.0, or during the upshift, F(2, 26) < 1.0. During the downshift, however, significant differences in orienting responses between groups existed, F(2,26) = 4.91, p < .02. Group 32-32-4 made more orienting responses than did the unshifted group during the downshift, F(l, 26) = 9.72, p < .005, whereas 4-32-4 did not, F(l, 26) = 1.52, p > .05. Planned comparisons also showed a trend for greater orienting responses by 32-32-4 than did 4-32-4, F(l, 26) = 3.68, p = .06. Thus, it once again appears that significant experience with a preferred food results in enhanced orienting behaviors during a subsequent food reduction.
Beaker Sampling
To distinguish between the general activating properties of frustration versus the directedness of search behaviors, as well as to show that increased search was characteristic of downshifts but not of upshifts, the sampling of beakers in new locations was compared between groups, between the preshift and the upshift, and between the upshift and the downshift. Figure 4 shows sampling behavior for each group on the last day of the upshift and first day of the downshift. The left panel shows total mean bouts of beaker sampling during the upshift, and the right panel shows mean bouts of beaker sampling on each platform for each group. With respect to differences in total bouts of sampling on upshift and downshift days, a 3 X 2 (Group X Day) ANOVA showed main effects of group, F(2, 26) = 15.82, p < .001, and day, F(l, 26) = 70.13, p < .001, and a Group X Day interaction, F(2,26) = 14.18, p < .001. Aone-way ANOVA of groups during the upshift showed no differences in total sampling, F(2,26) = 1.10,p > .05. Planned comparisons of upshift and downshift days showed no significant increase in sampling during the downshift for Group 4-4-4, F(l, 26) = 1.07, p > .05, whereas both 32-32-4 and 4-32-4 showed significant increases in sampling during the downshift, F(l, 26) = 69.10, p < .001, and F(l, 26) = 24.76, p < .001, respectively. 32-32-4 also showed more sampling than 4-32-4 during the downshift, F(l, 26) = 5.26, p < .05. As expected, sampling behavior did not increase during the upshift, whereas it did increase during the downshift, along with the other search-like behaviors. Finally, to test whether the downshifted platform became aversive, we compared the distribution of sampling on various platforms during the downshift. A 3 X 4 (Group X Platform) ANOVA on sampling during the downshift showed main effects of group, F(2, 26) = 20.76, p < .001, greater sampling on the target platform than other platforms, F(3, 78) = 11.73, p < .001, and a Group X Day interaction, F(6, 78) = 2.54,^ < .05. Planned comparisons showed that only Group 32-32-4 sampled from the target platform significantly more than the average other platform, F(l, 8) = 37.50, p < .001, consistent with the view that the training resulted in a place preference that persisted during the downshift.
Discussion
The main finding of Experiment 2 is that no NCEs or major reallocation of behavior accompanied upshifts in reward, whereas the downshift called forth robust NCEs and large-scale reallocations of behavior in the same rats. Although positive contrast effects (PCE) have occasionally been reported following incentive upshifts, usually following some prior experience with food reduction, they were not found here. Though failure of positive contrast may have been due to possible ceiling effects, our observations, along with all previous failures to find NCE following upshifts, continue to pose a grave problem for a generic generalization hypothesis of NCE. Furthermore, generalization hypotheses do not predict the type of change in appetitive behavior seen here. The behavioral changes following the downshift in this experiment closely paralleled those found in the previous experiment: Shifted rats showed a large suppression of intake combined with increased nose-down locomotion, location entries, orienting postures, and sampling relative to the unshifted group, in addition to an apparent preference, rather than aversion for the downshifted incentive locations.
Experiment 3
The primary purpose of Experiment 3 was to determine the extent to which the NCE and increased search behaviors, following incentive downshifts in Experiments 1 and 2, depended on the placement of 4% sucrose solutions in all the arms on the shift day. It might be argued that the search behaviors were not so much evoked by the incentive downshift itself as they were elicited and supported by the discovery of alternative sources of sucrose (albeit of a less-preferred concentration). Arguing against this interpretation is the fact that no large-scale increase in search occurred for unshifted controls when the 4% solution was introduced to all four platforms. Furthermore, the suddenness and regularity of increased search displayed by shifted groups in the two previous experiments suggested strongly evoked components.
To this point, our hypothesis has been that search behaviors are called forth and supported by a switch in motivational modes from consummatory to search modes. Our assumption has been that these changes in behavior have been evoked by the incentive downshift and would occur whether or not there are multiple locations of the downshifted sucrose solution. To test this assumption, we compared two groups of rats downshifted from 32% to 4% sucrose solutions, one group presented with 4% solutions in all arms, one with a 4% solution only in the trained arm. The unshifted control group also received a 4% solution only in a single arm. Our prediction was that the incentive downshift itself would be sufficient to evoke systematic search, regardless of the number of alternative solutions.
A second purpose of Experiment 3 was to test the effects of an incentive upshift on these search behaviors once they have been evoked. If increases in locomotion, orienting, entries, and sampling during a downshift represent search behavior for the missing commodity, then returning the missing commodity should halt these behaviors immediately. However, if an upshift to a 32% solution produced a positive hedonic state, for example, an "elation" effect (see Crespi, 1942) relative to the 4% solution experienced during the downshift, the incentive upshift could be accompanied by a positive contrast effect in appetitive behaviors, such as an increase in locomotor activation as has been reported in runway situations following an upshift (Benefield, Oscos, & Ehrenfreund, 1974; Crespi, 1942; Ehrenfreund & Badia, 1962) or on a maze following an upshift (Shanab & Ferrell, 1970) . We tested these possibilities by reversing the order of shifts used in Experiment 2: In Experiment 3, a downshift to a 4% solution was followed by an upshift to a 32% solution. Because the animals .will have experienced the higher concentration prior to the upshift, any decrements in positive contrast effects due to generalization should be minimized.
Method Subjects, Apparatus, Materials, Dependent Measures, and Coding
The types of subjects, apparatus, materials, dependent measures, and coding were the same in Experiment 3 as in Experiments 1 and 2. One animal was eliminated from Group 32-4'-32 for failing to drink.
Procedure
Experiment 3 was similar to Experiment 2 in that it used 3 groups of 10 rats in three experimental phases. It differed mainly in reversing the order of the upshift and the downshift. The control group, 4-4'-4, received a 4% solution in a fixed arm of the maze during all three phases. Two shifted groups received a 32% solution in a fixed arm of the maze for 29 days, were shifted to a 4% solution for 2 days, and were then upshifted to a 32% solution for 2 more days. In Phase 1, all animals received one solution in a fixed location, with the other arms being devoid of both beakers and solutions. During the downshift, Groups 4-4'-4 and 32-4'-32 received a single 4% solution in the same arm of the maze, with other platforms continuing to be devoid of both beakers and solutions, whereas Group 32-4 4 -32 received a single 4% solution in all four arms of the maze during the downshift. During the subsequent upshift, each group continued receiving the same number of solutions it had received during the downshift.
Results
Intake
To demonstrate negative consummatory contrast, we combined intake data for each group into 2-day blocks for each day type (i.e., preshift, downshift, and upshift days), and the groups were compared. As in the previous experiment, negative contrast was expected only during the downshift. Figure 5A shows mean sucrose consumption averaged over 2-day blocks for all groups across each day type. A one-way ANOVA comparing intake levels between groups during the preshift showed a trend for the shifted groups to drink more than the control group, but no significant differences, F(2, 26) = 2.92, p > .05. A one-way ANOVA of downshift intake levels, however, showed significant differences between groups, F(2, 26) = 16.58, p < .001. As expected, planned comparisons showed that both Groups 32-4'-32 and 32-4 4 -32 considerably suppressed their intake relative to the control group, F(l, 26) = 32.78, p < .001, and F(l, 26) = 11.08, p < .005, respectively, thus demonstrating negative consummatory contrast. Group 32-4 J -32 drank slightly less than Group 32-4 4 -32 during the downshift, F(l, 26) = 6.18, p < .02. A one-way ANOVA comparing intake levels during the upshift was also significant, F(2, 26) = 6.69, p < .005. Planned comparisons showed that both 32-4'-32 and 32-4 4 -32 drank more than the control group, F(l, 26) = 6.79, p < .02, and F(l, 26) = 12.33, p < .002, essentially returning to the preshift drinking levels.
Nose-Down Locomotion
To show that the large-scale increases in locomotion were evoked by the downshift but not by the upshift, groups were compared for differences in locomotion during the preshift, the downshift, and the upshift. Figure 5B shows 2-day averages of changes in seconds of nose-down locomotion during preshift, the downshift, and the upshift for each group. A one-way ANOVA comparing preshift levels of locomotion revealed no differences between groups, F(2, 26) = 2.09, p > .05. A one-way ANOVA comparing locomotion during the downshift, however, was significant, F(2, 26) = 22.49, p < .001. Planned comparisons showed that both 32-4 1 -32 and 32-4 4 -32 engaged in more nose-down locomotion than the control group during the downshift, F(l, 26) = 29.90,/> < .001, andF(l, 26) = 37.17,p < .001.
To show that it is the downshift itself, and not the availability of alternate solutions that cause the increase in locomotion, we conducted a planned comparison between shifted groups, showing no differences between them, F(l, 26) < 1.0. Finally, a one-way ANOVA comparing locomotion during the upshift showed no differences between groups, F(2, 26) = 2.34. As in the previous experiment, nose-down locomotion was evoked by the downshift, but not the upshift. In addition, the locomotor response did not depend on the availability of alternate solutions, but occurred simply as the consequence of the downshift.
Location Changes
To show that the locomotor response resulted in significant traversal of the maze, we compared groups on the number of location changes made during the preshift, the downshift, and the upshift. Figure 5C shows 2-day averages of changes in the number of location changes during the preshift, the downshift, and the upshift for each group. A one-way ANOVA of preshift data showed a trend for greater location changes by the control group, which fell just short of statistical significance, F(2, 26) = 3.33, p > .05. In contrast, a one-way ANOVA comparing location changes during the downshift was significant, F(2,26) = 17.61,p < .001. Planned comparisons showed that both 32-4'-32 and 32-4 4 -32 made more location changes than the control during the downshift, F(l, 26) = 31.69, p < .001, and F(l, 26) = 19.19, p < .001, respectively, but did not differ amongst themselves, F(l, 26) = 1.86, p > .05. Thus, shifted animals traversed the maze more than controls did during the downshift only, and the number of these shift-induced traversals did not depend on the availability of alternate solutions. 
Orienting Responses
To show that only downshifts induced orienting responses along with locomotor responses and maze traversals, we compared bouts of orienting responses between groups during the preshift, the downshift, and the upshift. Figure 5D shows 2-day averages of changes in bouts of open rearing and nose-up during the preshift, the downshift, and the upshift for each group. A one-way ANOVA comparing bouts of orienting during the preshift showed no differences between groups, F(2, 26) < 1.0. A one-way ANOVA, comparing bouts of orienting during the downshift, however, showed significant group differences, F(2, 26) = 16.71, p < .001. Again, planned comparisons showed that -32 made more orienting responses than did the control group, F(l, 26) = 31.19, p < .001, and F(l, 26) = 16.66, p < .001, respectively, whereas no differences existed between shifted groups, F(l, 26) = 2.26, p > .05.
Beaker Sampling
Finally, to show that increases in locomotion, traversals, and orienting were directed, and not simply energized behaviors, the sampling of old and new locations was compared between groups during the downshift and the upshift. behavior on each platform for each group during the first day of downshift. The right panel shows sampling on each platform during the first day of the upshift. In spite of having differing numbers of beakers to sample, no differences in sampling frequency were found between Groups 32-4'-32 and 32-4 4 -32, and their data were pooled. A 2 X 2 (Group X Day) ANOVA on shifted and unshifted groups showed main effects of group, F(l, 28) = 18.53, p < .001, and day, F(l, 18) = 103.42, p < .001, and a Group X Day interaction, F(l, 28) = 44.88, p < .001. Planned comparisons showed a greater frequency of sampling by the shifted groups than the unshifted group during the downshift, F(l, 28) = 29.42, p < .001, whereas during the upshift, the shifted groups displayed less sampling than the unshifted group, F(l, 28) = 7.5S,p < .02.
With respect to the spatial distribution of sampling by the shifted groups during the downshift, a one-way ANOVA showed a main effect of platform, F(3, 54) = 20.81, p < .001. A planned comparison of the target versus nontarget platforms showed that more sampling occurred on the target platform than on the average nontarget platform, F(l, 18) = 35.64, p < .001. Once again, the target platform was not relatively aversive during the downshift, but was rather more attractive.
Discussion
The main finding of Experiment 3 was that the mobilization of search behaviors following downshifts in Experiments 1 and 2 did not depend on the availability of alternative incentives. In fact, the rats in Experiment 3, having no alternatives other than the downshifted solution in the target arm, showed levels of locomotion, orientation, and sampling indistinguishable from that of rats having several other solutions available. The similarity in search responses to incentive downshifts by groups having no alternative solutions and groups having three alternatives supports the hypothesis that the repertoire of search responses is largely evoked by the incentive downshift itself, rather than being elicited or strengthened by the presence of the alternative solutions.
The second finding of Experiment 3 was that the large scale and sudden change in search behavior mounted in response to downshifts in reward is equally rapidly abated by reintroduction of the original solution. This observation is consistent with the idea that the rats are searching for a particular commodity, even though the ability of other commodities similar in preference, calories, or taste to end search behaviors was not tested. At minimum, the reintroduction of the previous commodity was sufficient to end search.
General Discussion
We have previously observed rats in anticipatory contrast studies exhibiting search behaviors on shift days even in small home cages, lifting beaker holders and looking behind them when they discovered a poor solution. The current experiments on a four-arm radial maze showed a more complete repertoire of search behaviors following downshifts, including nose-down locomotion, location changes, open rearing, nose-up postures, and increased sampling of other beakers and areas of the apparatus. Clearly, the decrease in ingestion did not simply permit shifted animals to engage in random operants: Shifted rats systematically explored all spaces in the maze and sampled all containers.
The behavior systems view accounts for the inverse relation between intake and search in contrast studies by assuming that a feeding system orchestrates both consummatory and appetitive behaviors during changes in food availability through competition between motivational modes within the system (in addition to any peripheral response competition that may happen to occur). Whereas regular or improved food availability entrains or maintains consummatory modes supporting ingestive responses, downshifts in food step the system backward into focal or general search modes, supporting a number of behaviors that direct the animal toward finding new food sources. The consistent pattern of responses shown across experiments suggests that intake suppression is a consequence of a shift in motivational modes following food reduction. Elliott's (1928) results, the majority of Flaherty's results Flaherty, 1991; Flaherty, Troncoso, & Deshu, 1979) , and the present results all support this conclusion.
The present experiments also showed that the arm and platform formerly containing 32% sucrose did not appear to become aversive or inhibit behavior. Former target areas still remained more attractive than did other areas of the maze. In all three experiments, rats preferred returning to and sampling from the areas in which they had the most prior experience with the rich sucrose solution. This place preference resulted from a pattern of behavior resembling arearestricted search discussed in the ethological literature (e.g., Bell, 1991) . These findings are pertinent to interpretations of contrast (e.g., Amsel, 1958; 1992; Black, 1968; Daly, 1974b) that assume that the downshift is aversive, or that contrast is mediated by the aversiveness of the downshift. The failure of location avoidance to develop and the systematic nature of both search and sampling suggests that escape behaviors by rats in contrast experiments may actually be search behaviors evoked by the absence of the expected reward.
From a behavior systems perspective, we would argue that the reduced intake and increased systematic exploration, especially in locations where place preferences had developed, represented a shift in motivation from consummatory to focal and general search modes, each supporting different classes of behaviors. It remains to be seen whether former target areas on the maze eventually would have become relatively inhibitory if further training with the lesspreferred solution had been given during the downshift. At the very least, a frustration account of contrast does not predict the evocation of a repertoire of search behaviors and the continued preference for original target locations following incentive shifts during consummatory suppression.
An explicit attempt to condition frustration to successful locomotor search in Experiment 1 by constantly varying the location of the target arm failed to increase the activity levels or the persistence of search following the downshift. From a frustration view, failure to find food after running down the arms of the maze should produce frustration, which should become conditioned to eventually finding food on the maze, so when the downshift occurs, one would expect an excitatory effect of frustration on instrumental responding. This sort of effect was not evident in search behaviors within the first 2 days of the downshift. The group trained in a fixed location showed as many location changes as the group trained in varying locations. The fact the 32 VL-4 showed slightly more nose-down locomotion is offset by the fact that this group showed similar effects before the shift and that 32 FL-4 showed more sampling, following the downshift. The additional sampling by 32 FL-4 resulted primarily from additional entries to the former target arm. Thus, the use of randomly varying sucrose locations provided no strong evidence for the development of instrumental persistence because of daily frustration.
A straightforward interpretation of this data is that 32 FL-4 was trained to prefer a particular platform and thus increased its sampling there, whereas 32 VL-4 was trained to locomote for food, resulting in slightly greater locomotor responses during the shift: Shifted groups merely superimposed previously practiced patterns on their evoked search, which was robust in both cases, despite these relatively minor effects of training. We would argue that fixed-location training produced greater conditioning of focal search modes to the target platform than did variable training, and was expressed as area-restricted search and a place preference, whereas the variable-location training resulted in greater conditioning of a general search mode, which was expressed as greater locomotor activity.
The results also showed that alternate sources of food were not required for exhaustive search of the maze. The possibility remained after Experiments 1 and 2 that the search behavior found after downshifts resulted only from the introduction of novel sources of food (though one would also expect the 4% control group to show similar increases in search when novel solutions were introduced). By directly comparing groups downshifted to single or multiple 4% solutions, it was shown that the additional solutions had no facilitating effects on search. Search was equally robust regardless of the availability of alternative solutions. The group downshifted in a single location showed at least as much locomotion, orienting, entries, and sampling as the group shifted in several locations. The thoroughness of sampling for both shifted groups indicates the systematic nature of the search, and it suggests the conditioning of focal search modes to local food cues, such as platforms and beakers.
A general finding in Experiments 2 and 3 was that locomotion, orienting, sampling, and intake suppression were not evoked by upshifts in reward. Experiment 3 showed that once search behaviors were evoked by downshifts, a subsequent upshift curtailed this search immediately. That upshifts in concentration produce none of these measures of contrast supports Flaherty's (1991) assertion that neither generalization or neophobia can account for NCEs. Furthermore, that all of these measures of contrast ceased immediately on the reintroduction of the 32% sucrose shows that the behaviors were related specifically to decreases in solution concentration. Capaldi (1972) showed that rats given massed trials (during which primary frustration should not dissipate) showed a greater NCE than rats given distributed trials (during which primary frustration should dissipate, leaving only conditioned frustration). He contended that conditioned frustration was of less importance to NCE than primary frustration, even though frustration was never directly measured. Another way of looking at his data, however, is to assume that the food given to rats in massed trials represented a larger and hence more important part of their daily energy budget than that of rats given distributed trials. Therefore, the downshift represented a greater threat to their energy budget and called forth a greater search response, which in turn may have interfered more with criterion responses such as runway speed.
The general fact that increasing experience with rich foods leads to stronger contrast is well known and supports an incentive averaging concept of contrast (Flaherty, Becker, & Osborne, 1983; . The incentive averaging concept is consistent with foraging theories that assume that animals base foraging decisions, such as when to abandon a patch, on comparisons between current intake and averages of intake based on past experience (e.g., . Chamov, 1976) . The interpretation that NCEs largely represent a shift hi motivational modes would predict that greater experience with better foods should call forth a greater search response following a downshift. Data from shifted groups having different histories with the 32% sucrose in Experiment 2 are not incompatible with this view, though other interpretations are possible. This hypothesis requires further study.
The current findings fit well into both Flaherty's (1996) multistage hypothesis of contrast, which suggests that animals do attempt to recover the missing commodity following a downshift, and a behavior systems view, which argues that intake suppression and search are related expressions of the same goal-directed behavior orchestrated by the feeding system. The main differences between Flaherty's multistage model and a behavior systems approach are as follows: (a) the multistage hypothesis is sequential stage model specific to successive negative contrast, whereas the behavior systems approach was developed as a more general model of animal learning and behavior in the laboratory; (b) the behavior systems approach specifies the relations between motivational systems and topographies of behaviors seen in contrast studies; (c) behavior systems approach has not been formulated with respect to emotions or the recovery process following sudden food reductions, whereas the multistage view suggests a recovery role for emotion-like physiological states and suggests plausible mechanisms by which this recovery process may take place.
The behavior systems view and the multistage account are not incompatible. In order to integrate adaptive and emotional accounts of NCEs, one might consider, "What is the reproductive advantage of a rare, frustrated mutant?" The emotional responses and the recovery sequence outlined by Flaherty (1996) may play an integrative role in adaptive responses to changes in feeding opportunities, especially insofar as the limbic system is known to play dominant roles in emotion, motivation, energy regulation, and memory. For example, adrenal hormones that are evoked by food reduction and that are widely known to be involved in energy regulation, also may be involved in modulating memories for shifts in the amount or locations of foods (e.g., see Cahill, Roozendaal, & McGaugh, 1997) at a time when new memories may be critical to survival. A systems view is potentially well suited to make such predictions, insofar as inferences regarding behavioral functions suggest adaptive control structures.
Although it is not being claimed that search behaviors cause intake suppression, the relations between ingestion and search behaviors in this and other studies suggest that the common motivation of feeding regulation underlies them all. Other NCEs, such as escape responses, changes in runway speeds, choice errors, and even changes in adrenal hormones, may be usefully interpreted as part of a repertoire or system of responses related to food gathering or energy regulation. Critical variables influencing NCEs, such as the degree of disparity between rewards, deprivation levels, and rates of energy intake, might also be usefully examined in terms of feeding-system issues. In short, a case can be made for reevaluating disparate responses to incentive downshifts in terms of response systems, thereby potentially providing a more coherent account of NCEs that includes consummatory suppression, search repertoires, hormonal responses, memory formation, and emotions.
